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Description 

[0001] This application is a continuation-in-part of Ap- 
plication Serial No. 08/152.812 filed on November 16. 
1 993. This invention relates to a method for fabricating 
an interconnection contact structure, interposer, semi- 
conductor assembly and package using the same. 
[0002] Heretofore many types of Interconnections 
which have been provided for use with the semiconduc- 
tor devices have suffered from one or more disadvan- 
tages limiting their broad application in the semiconduc- 
tor industry. There is therefore need for new and im- 
proved interconnection contact structure which over- 
comes such disadvantages so that it will be particularly 
useful in semiconductor assemblies and packages and 
which can be broadly used throughout the semiconduc- 
tor industry. 

[0003] Patent Abstracts of Japan vol. 01 0, no 376 (E- 
464). 13 December 1 986 & JP 61 170054 A (Mitsubishi 
Electric Corp), 31 July 1986, discloses a flexible con- 
nector in the form of a bent section 1 3A which functions 
as a stress cushioning section forming part of a lead sec- 
tion 12. 

[0004] "Method of Testing Chips and Joining Chips to 
Substrates" Research Disclosure No 322 1 February 
1991, page 130 discloses a connector arrangement 
which deals with thermal expansion mismatch, the joint- 
ing being provided wires 3 connected to the semi-con- 
ductor through solder balls 4, the wires supported by 
means of an elastomeric polymer 2. 
[0005] US-A-4 893 172 (Matsumoto Kunio Et Al) dis- 
closes connectors which have a conductive flat spring 
which are connected to respective chip electrodes by 
solder. 

[0006] EP-A-0 528 367 (Fujitsu Ltd) also discloses 
connections which require solder. 
[0007] In general, it is an object of the present inven- 
tion to provide a method for fabricating a contact struc- 
ture, interposer, a semiconductor assembly and pack- 
age using the same which makes it possible to use con- 
tact structures and particularly resilient contact struc- 
tures attached directly to active silicon devices. 
[0008] Another object of the invention is to provide a 
structure, interposer, assembly and method of the 
above character which makes it possible to make tem- 
porary contacts against pads for burn-ins on test sub- 
strates, not forming part of the claimed invention. 
[0009] Another object of the invention Is to provide a 
method of the above character which makes it possible 
to utilize spacings or pitches at the originating points for 
the contact structures which are different from the ter- 
minating points for the contact structure. 
[0010] Another object of the invention is to provide a 
method which utilizes staggered contact structures 
making possible three-dimensional fanouts. 
[0011] Another object of the invention is to provide a 
method of the above character which make it possible 
for the contact structures to be attached to pads in area 



arrays, peripheral, edge or center line pad outs. 
[0012] Another object of the invention is to provide a 
method of the above character which with one sided 
edge pad outs, the contact can be shaped in a way that 
5 enables closely spaced edge mounting of chips on 
SIMM and other cards. 

[0013] Another object of the invention is to provide a 
method of the above character which makes it possible 
to mount contacts on devices in either wafer or singu- 

10 lated form. 

[0014] Another object of the invention is to provide a 
method in which contact attachment can be accom- 
plished with automatic equipment. 
[0015] Another object of the invention is to provide a 

15 method which makes it possible to utilize under chip ca- 
pacitors to save in real estate. 

[0016] Another object of the invention is to provide 
method of the above character which can be utilized for 
providing more than one substrate precursor populated 

20 with card ready silicon on both sides which optionally 
can be interconnected with resilient contacts. 
[0017] According to a first aspect, the invention pro- 
vides a method for mounting a protuberant conductive 
contact to a conductive terminal on an electronic com- 

25 ponent the method comprising the steps of providing a 
flexible wire having a continuous feed end securing the 
feed end to the terminal, forming from the feed end a 
stem which protrudes from the terminal and has a first 
stem end there at, severing the stem at a second stem 

30 end and depositing a resilient material overthe stem and 
adjacent surface of the terminal, wherein the resilient 
material is more resilient than the stem, the resilient ma- 
terial thereby imparting resiliency to the protuberant 
conductive contact, and wherein the step of depositing 

35 the resilient material includes depositing a conductive 
coating having at least one layer on the stem to form a 
conductive contact. 

[0018] Additional objects and features of the invention 
will appear from the following description in which the 
40 preferred embodiments are set forth in the accompany- 
ing drawings. 

[0019] Fig. 1 is a partial isometric view of a "skeleton 
and muscle" contact structure incorporating the present 
invention which is in the form of a freestanding pin. 
45 [0020] Fig. 2 is a partial isometric view similar to Fig. 
1 but showing a resilient contact structure with a bend 
therein. 

[0021] Fig. 3 is side elevational view in section show- 
ing a contact structure with multiple bends and with a 

50 multiple layer shell. 

[0022] Fig. 4 is a side elevational view in section of 
another embodiment of a contact structure incorporat- 
ing the present invention in which the shell is provided 
with protrusions. 

55 [0023] Fig. 5 is a side elevational view in section 
showing another embodiment of a contact structure in- 
corporating the present invention in which the bend por- 
tion of the contact structure is shorted together by an 
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electrically conducting filled compliant elastomeric lay- 
er. 

[0024] Fig. 6 is an isometric view in section of another 
contact structure incorporating the present invention uti- 
lized in conjunction with plated-through holes in a print- 
ed circuit board. 

[0025] Fig. 7 is an isometric view in section of another 
embodiment of the contact structure incorporating the 
present invention utilized in conjunction with plated- 
through holes in a printed circuit board in which a resil- 
ient contact structure is provided on one side of the print- 
ed circuit board and in which the other side is provided 
with a contact structure that need not be resilient, the 
not forming part of the claimed invention. 
[0026] Fig. 8 is a side elevational view in section of 
another contact structure incorporating the present in- 
vention and in which a plurality of stems of the type de- 
scribed in Fig. 1 have been bridged together by a solder 
layer to form a solder column structure. 
[0027] Fig. 9 is a side elevational isometric view in 
section of a contact structure incorporating the present 
invention in which two redundant resilient compliant 
contact structures are provided per contact terminal. 
[0028] Fig. 10 is a side elevational isometric view in 
section of another contact structure incorporating the 
present invention in which three resilient contact struc- 
tures are bridged together by a solder layer at the up- 
permost and lowermost extremities while leaving the in- 
termediate bend portions free of the solder so that a 
compliant solder column is provided. 
[0029] Fig. 11 is a side elevational view in section of 
another embodiment of a contact structure formed by 
the method of the present invention in which the contact 
structure extends over an edge of the substrate to form 
a probe contact. 

[0030] Fig. 12 is a side elevational view in section of 
another contact structure formed by the method of the 
present invention which shows use of a shielded contact 
probe. 

[0031] Fig. 13 is an isometric view partially in section 
of another contact structure incorporating the present 
invention in which contact structures can originate on 
one side of a contact carrier substrate such as a printed 
circuit board and have one of the contacts extend 
through a hole to the other side and having the other 
contact structure extending from the same side. 
[0032] Fig. 14 is a combination side elevational and 
isometric view in section of another embodiment of the 
contact structure formed by the method of the present 
invention in which the probe is provided with a distal ex- 
tremity which has a topography to minimize contact re- 
sistance when it is in engagement with another contact 
terminal. 

[0033] Fig. 1 5 is a view similar to Fig. 15 but showing 
use of a cantilevered contact. 

[0034] Fig. 16 is an isometric view partially in section 
of a contact structure formed by the method of the 
present invention in which the contact structures are 



formed into loops. 

[0035] Fig. 17 is a view similar to Fig. 16 but showing 
two loops per contact and a solder layer bridged the 
loops to form a solder column. 

5 [0036] Fig. 18 is an isometric view partially in section 
showing a contact structure formed by the method of the 
present invention in which the contact structures are ar- 
ranged to form a fence which can serve as a dam for a 
massive solder column as for example one utilized as a 

10 thermal interconnect. 

[0037] Fig. 19 Is an isometric view partially in section 
showing an interposer formed by the method of the 
present invention. 

[0038] Fig. 20 is an isometric view partially in section 

15 showing a double-sided interposer. 

[0039] Fig. 21 is an isometric view partially in section 
of another interposer formed by the method of the 
present invention with resilient contact structures on one 
side and solderable contacts provided on the other side. 

20 [0040] Fig. 22 is an isometric view partially in section 
showing another embodiment of an interposer formed 
by the method of the present invention utilizing double- 
sided resilient compliant contact structures and stand- 
offs. 

25 [0041] Fig. 23 is an isometric view partially in section 
of an active semiconductor assembly formed by the 
method of the present invention. 
[0042] Fig. 24 is an isometric view partially in section 
showing staggered contact structures with alignment 
30 pins. 

[0043] Fig. 25 is a side elevational view in section of 
a semiconductor package formed by the method of the 
present invention showing a double-sided flip chip at- 
tachment. 

35 [0044] Fig. 26 is a side elevational view in section of 
a semiconductor package formed by the method of the 
present invention. 

[0045] Fig. 27 is a side elevational view in section of 
another embodiment of a semiconductor package 
"fo formed by the method of the present invention utilizing 
demountable contact structures. 
[0046] Fig. 28 is a side elevational view in section of 
another semiconductor package formed by the method 
of the present invention which utilizing resilient contact 
^5 structures demountably interconnected and plated 
through holes. 

[0047] Fig. 29 is a side elevational view in section of 
another semiconductor package assembly formed by 
the method of the present invention utilizing latching 
50 springs. 

[0048] Fig. 30 is a side elevational view in section of 
another semiconductor package formed by the method 
of the present invention utilizing alignment pins. 
[0049] Fig. 31 is a side elevational view in section of 
55 another semiconductor package formed by the method 
of the present invention carrying a below-the-surface 
capacitor. 

[0050] Fig. 32 is a side elevational view in section of 
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another semiconductor package formed by the method 
of the present invention showing the mounting of a plu- 
rality of capacitors. 

[0051] Fig. 33 is a side elevational view in section of 
another semiconductor package formed by the method 
of the present invention utilizing a decoupling capacitor. 
[0052] Fig. 34 is a side elevational view in section of 
another semiconductor package formed by the method 
of the present invention utilizing a motherboard. 
[0053] Fig. 35 is a side elevational view In section of 
another semiconductor package formed by the method 
of the present invention utilizing an interposer. 
[0054] Fig. 36 is an isometric view partially in section 
of a semiconductor package formed by the method of 
the present invention utilizing an interconnection sub- 
strate. 

[0055] Fig. 37 is a side elevational view of a semicon- 
ductor package formed by the method of four layers of 
semiconductor devices in the form of double-sided pre- 
cursors. 

[0056] Fig. 38 is a side elevational view in section of 
a semiconductor package formed by the method of the 
present invention showing vertically stacked silicon 
chips. 

[0057] In general the contact structure formed by the 
method of the present invention is for use with a device 
which incorporates an electronic component having a 
surface and a conductive contact pad thereon accessi- 
ble from the surface of the electronic component and 
also having a surface. A conductive flexible elongate el- 
ement is provided which has first and second ends. 
Means is provided for bonding the first end to the contact 
pad to form a first intimate bond with the second end 
being free. A conductive shell envelops the flexible elon- 
gate element and at least a portion of the surface of the 
contact pad immediately adjacent the means bonding 
the first end to the contact pad to provide a second inti- 
mate bond so that the bond strength between the con- 
tact pad and the conductive shell is greater than the 
bond strength between the contact pad and the flexible 
elongate element. 

[0058] More particularly as shown in the drawings, the 
contact structure 101 in Figure 1 is for use for making 
contact to an electronic component 102 which for exam- 
ple can be an active or passive semiconductor device 
of a plastic laminate, ceramic or silicon package carrying 
one or more semiconductor devices. It also can be an 
interconnection component such as a connector Alter- 
natively, it can be a production, test or burn-in socket for 
a semiconductor package or semiconductor device. In 
any event the electronic component 102, which also can 
be called a support structure, is utilized for carrying the 
contact structures 101. The electronic component is 
provided with one or more conductive contact pads 103 
which typically lie in a plane on a surface 104 or acces- 
sible from or through the surface 104 of the electronic 
component 102 with the pads 103 being positioned at 
various locations and lying in various planes at various 



angles. The pads 103 can be peripherally positioned at 
the perimeter of the electronic component 102. They al- 
so can be placed in an area array, near an edge or in a 
central line pad-out or a combination of the above well 

5 known to those skilled in the art. Typically each pad 103 
has an electrical function dedicated to it. In certain ap- 
plications, the contact pads 103 may in fact lie in differ- 
ent planes, or overlie the edge of a component. The con- 
tact pads 103 can be of any desired geometry. For ex- 

10 ample they can be circular or rectangular in plan and 
have exposed surfaces 105. The pads 103 by way of 
example can have any dimension, but typically ranging 
from 2 to 50 mils. 

[0059] The contact structure 101 consists of an elon- 

15 gate element 106 which typically is flexible because of 
its small diameter, the flexibility intended for ease of 
shaping, and has first and second ends 107 and 108. It 
also can be called a core wire or "skeleton". The elon- 
gate element 106 is formed of a suitable conductive ma- 

20 terial such as gold, aluminum or copper with small 
amounts of other metals to obtain desired physical prop- 
erties as for example beryllium, cadmium, silicon and 
magnesium. In addition, metals oralloys such as metals 
of the platinum group, can be utilized. Alternatively, lead, 

25 tin, indium or their alloys can be used to form the elon- 
gate element. The elongate element 106 can have a di- 
ameter ranging from 0.25 to 10 mils (1 mil = 2-54. 10"^ 
cm) with a preferred diameter of 0.5 to 3 mils. The elon- 
gate element 106 can have any desired length but typ- 

30 ically it would have a length commensurate with its use 
in connection with the small geometry semiconductor 
devices and packaging would range from 1 0 mils to 500 
mils. 

[0060] Means is provided for forming a first intimate 

35 bond between the first end 107 of the conductive elon- 
gate element 106 and one of the contact pads 103. Any 
suitable means can be utilized for making this connec- 
tion. For example, a wire bond utilizing a capillary tube 
(not shown) having the elongate element 106 extending 

40 therethrough and typically having a ball provided on the 
first end is brought into engagement with the pad 103 
whereby upon the application of pressure and temper- 
ature or ultrasonic energy, a wire bond, typically a ball- 
type bond 111 is formed connecting the first end 107 of 

^5 the elongate element 106 to the pad 103. After the de- 
sired wire bond 111 has been formed, the capillary tube 
can be raised to permit a desired length of the elongate 
element 106 to extend from the capillary tube and a cut 
can be made by locally melting the wire to sever the 

50 elongate element 106 and to cause a ball 112 to be 
formed on the second end 108 of the elongate element 
106 and also to provide a corresponding ball on the re- 
maining length of elongate element 106 in the capillary 
tube so that the next contact structure can be made uti- 

55 lizing the same wire bonding machine with the next pad 
if it is desired to make a ball-type bond connection. Al- 
ternatively, wedge-type bonds can be utilized. 
[0061] In accordance with the present invention, a 
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conductive shell 116 which also can be called "nnuscle" 
which covers the "skeleton", is formed over the elongate 
elennent 1 06 and completely surrounds the same as well 
as the surface area 105 of the contact pad 103 which 
immediately surrounds the wire bond 111 and preferably 
extends over the contact pad 103 to form a second in- 
timate bond to the contact pad 103 by direct adhesion 
to the entire exposed surface of the contact pad. Thus, 
the contact structure 101 is anchored to the contact paid 
103 by the first and second intimate bonds. The shell 
116 in addition to having conductive properties also has 
other mechanical properties desired for the composite 
contact structure 101 as hereinafter explained. 
[0062] The shell 1 1 6 is formed of a material to provide 
desired mechanical properties for the contact structure. 
The material of the shell should principally be of a ma- 
terial which has a high yield strength with at least thirty 
thousand pounds per square inch. In connection with 
the present contact structure, the adhesion strength be- 
tween the contact structure 1 01 and the contact pad 1 03 
is principally or predominantly due, i.e., more than 50%. 
to the adhesion between the shell 116 and the contact 
pad 103. The shell 116 typically has a wall thicl<ness 
ranging from 0.20 mils to 20 mils and preferably has a 
wall thickness of 0.25 to 10 mils. The shell 116 in ac- 
cordance with the present invention adheres to the elon- 
gate element or skeleton 106 along its length and to the 
surface of the pad 1 03 to provide in effect a unitary struc- 
ture. Typically the hardness of the elongate element or 
skeleton 1 06 is less than that of the material on the shell. 
When it is desired to have a contact structure which de- 
forms plastically, the shell 116 can be formed of a con- 
ductive material such as copper or solder, exemplified 
by lead-tin solder. When it is desired to have the shell 
116 have spring properties, nickel, iron, cobalt or an al- 
loy thereof can be used. Other materials which would 
render desirable properties to the shell 166 in certain 
applications are copper, nickel, cobalt, tin. boron, phos- 
phorous, chromium, tungsten, molybdenum, bismuth, 
indium, cesium, antimony, gold, silver, rhodium, palladi- 
um, platinum, ruthenium and their alloys. Typically, the 
top layer comprising the shell, if it is required, consists 
of gold, silver, metals or alloys of metals of the platinum 
group or various solder alloys. Certain materials, as for 
example nickel, when electroplated under certain bath 
conditions, onto the elongate element 106 will form in- 
ternal compressive stresses to increase the stress re- 
quired to deform or break a resulting contact structure 
101 . Certain materials such as nickel can provide a ten- 
sile strength in excess of 80,000 lbs. per square inch. 
[0063] The shell or "muscle" 116 made of one or more 
of the materials listed above typically can be formed on- 
to the flexible elongate element or "skeleton" by the use 
of a conventional aqueous plating technique. The shell 
116 also can be provided by enveloping the elongate 
element 106 using physical or chemical vapor deposi- 
tion techniques utilized in conventional thin film process- 
es and can include decomposition processes using gas- 



eous, liquid or solid precursors as well as evaporating 
or sputtering. 

[0064] Thus it can be seen that the final properties de- 
sired for the contact structure 101 can be readily de- 

5 signed into the contact structure 101 comprising the 
skeleton 106 and the muscle 116 while achieving the 
desired conductivity and other physical properties as for 
example a desired pull strength or adhesion for the first 
and second intimate bonds formed with the contact pad 

10 l03.Theshellormuscle 116 which completely envelops 
the flexible elongate element or skeleton 106 overlies 
the contact pad 103 to form the second adhesive bond 
therewith. 

[0065] In connection with the foregoing description, a 
15 single contact structure 101 has been described. How- 
ever it should be appreciated that many hundreds of 
contact structures 101 can be created at the same time 
during the plating ordeposition process on a single elec- 
tronic component or a plurality of such electronic com- 
20 ponents. 

[0066] As can be seen, the shell 116 has a substantial 
uniform thickness throughout its length and in overlying 
the contact pad 103. The thickness of the shell can al- 
ternatively vary by adjusting the nature of the layers 

25 comprising the shell or by varying deposition parame- 
ters. The uppermost free extremity of the contact struc- 
ture or pin 101 is only slightly larger to reflect the shape 
of the ball 112 typically provided on the second or free 
end of the elongate element 106 below the shell 116. It 

30 should be appreciated that if desired, the ball 112 pro- 
vided on the second end of the elongate element 106 
can be eliminated if desired by using means cutting the 
continuous wire other than by the use of a melting tech- 
nique. Thus the second end would be in the form of a 

35 substantially cylindrical member having the same diam- 
eter as the diameter of the elongate element 106. 
[0067] When it is desired to provide resiliency in a 
contact structure, the contact structure 121 shown in 
Figure 2 can be utilized. The contact structure 121 con- 

40 sists of a flexible elongate conductive element 122 
which can be formed of the same conductive materials 
as the elongate element 106 shown in Figure 1 . It is pro- 
vided with first and second ends 123 and 124 with a ball- 
type bond 126 formed on the first end 123 and adhered 

45 to the pad 1 03 in the same manner as the ball bond 111. 
While the elongate conductive element 122 is being dis- 
charged through the capillary of the wire bonder, a can- 
tilever or cantilever portion 122a forms a bend. Thus, 
there is provided a bend which forms at least one can- 

50 tilevered portion. Such a cantilevered portion can give 
resilient capabilities to the contact structure 1 2 1 as here- 
inafter provided. After the bend 122a has been formed, 
a tip 127 is provided on the second end 124 by an ap- 
propriate severing operation. A shell 131 is thereafter 

55 formed on the elongate conductive element 122 in the 
same manner as the shell 116 hereinbefore described 
to encompass the elongate conductive element 122 and 
being adherent to and overlying the contact pad 103. It 
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can be appreciated that a variety of shapes other than 
the exact one depicted in Figure 2 can be utilized. 
[0068] In order to innpart additional strength to the 
contract structure 121, theshell131 principally is formed 
of a nnaterial which will impart high yield strengthening 
properties, as for example a strong, conductive, hard 
material to a thickness as hereinbefore described in 
connection with Figure 1. Such a conductive material 
can be selected from the group of nickel, cobalt, iron, 
phosphorous, boron, copper, tungsten, molybdenum, 
rhodium, chromium, ruthenium, lead, tin and their alloys. 
[0069] In the contact structure 121 it can be seen that 
the elongate conductive element 122 defines the trajec- 
tory or shape of the contact structure 121 wherein the 
shell 131 defines the mechanical and physical proper- 
ties of the contact structure as for example the springi- 
ness or resilience of the contact structure as well as the 
ability to provide a low resistance spring-loaded contact 
through a noble top layer It can be seen by viewing Fig- 
ure 2 that as the second or free end of the contact struc- 
ture 121 is moved upwardly and downwardly, the canti- 
leverorbend 122a can readily accommodate the chang- 
es in position of the second free end and will spring back 
and provide a substantially constant yietdable force 
within the range of a given design attempting to return 
the second end of the contact structure 1 21 to its original 
position. The spring shape can be designed to respond 
in a resilient manner to a force directed at any angle 
relative to the surface of electronic components 102. 
[0070] Another contact structure 136 incorporating 
the present invention is shown in Figure 3 in which a 
flexible elongate conductive element 137 has been pro- 
vided which has two bends, 137a and 137b formed 
therein and with a ball bond 138 at one end and a ball 
139 at the other end. As can be seen, the bends 137a 
and 137b face in opposite directions. A shell 141 of the 
type hereinbefore described has been provided. How- 
ever, it is formed of a first or inner layer 142 and a second 
or outer layer 143. By way of example, the first or inner 
layer 142 could be in the form of a coating of nickel or 
a nickel alloy of a suitable thickness as for example 1 to 
3 mils to provide the desired springiness and/or yield 
strength for the contact structure. Assuming that it is de- 
sired to provide a particular outer surface for the contact 
structure 136, the second or outer layer 143 can be 
formed of gold or other suitable conductive material. In 
certain applications it may be desired to utilize the first 
or inner layer 142 as a barrier layer as for example to 
utilize the contact structure 136 with a solder contact to 
prevent the interaction of gold with solder. In such ap- 
plications it may be desired to coat the flexible elongate 
conductive element 137 with a thin layer of copper or 
nickel followed by 1 to 1 .5 mils of solder such as a lead- 
tin alloy Thus it can be seen that by forming the shell of 
more than two layers, it is possible to obtain additional 
desirable features for the contact structure. It also 
should be appreciated that if desired, additional layers 
can be provided as a part of the shell in certain applica- 



tions. 

[0071] Another contact structure 146 incorporating 
the present invention is shown in Figure 4 in which a 
flexible elongate conductive element 147 is provided 

5 with an outwardly facing bend 147a in which a shell 148 
has been provided which envelops the flexible elongate 
conductive member 147. However in this case, the shell 
148 has been formed in such a manner so as to provide 
microprotrusions 149 on the outer surface thereof 

10 spaced longitudinally along the length of the shell. 
These protrusions or irregularities can be created in a 
number of ways as for example by adjusting the 
processing conditions in the plating bath to cause sharp 
nodules to be formed in the shell 148. 

15 [0072] Another contact structure incorporating the 
present invention is a contact structure 151 shown in 
Figure 5 which consists of a flexible elongate element 
1 52 having a shell 1 53 thereon which is provided with a 
cantilever portion in the form of a U-shaped bend 1 52a. 

20 To reduce the electrical inductance which is created dur- 
ing the conduction of electrical current in the contact 
structure 151, the bend 152 is imbedded in an electri- 
cally conductive compliant polymer mass 154 of a suit- 
able type such as silicon rubber filled with silver parti- 

25 cles. The compliant electrically conductive elastomer 
154 does not substantially restrain movement of the re- 
silient portion 152a of the contact structure 151. The 
conductivity of the material 1 54 typically can range from 
10-2 to 10'^ ohm centimeters. 

30 [0073] In Figure 6. contact structures 155 similar to 
the type shown in Figure 2 are utilized in connection with 
an electronic component in the form of a conventional 
printed circuit board 156. The printed circuit board 156 
is provided with conventional vertical via conductors in 

35 the form of plated-through holes 157 in which a plating 
structure 158 extends through the holes 157 and forms 
annular rings 159 provided on the opposite surfaces of 
the board 156 so that electrical contact can be made 
from one side of the board 156 to the other side of the 

^0 board. As shown, a contact structure 155 is provided on 
each side of the printed circuit board 156 and is in con- 
tact with the plating structure 158 forming the rings 159 
which functions as a contact pad. Thus, the contact 
structure 1 55 sen/es to form an electrical connection be- 

^5 tween contact pads on two electronic components fac- 
ing each side of the circuit board 156 provided on oppo- 
site sides of the plated-through hole 1 57. It can be seen 
that the shell 131 provided as a part of the contact struc- 
ture 155 also extends through the plated-through hole 

50 1 57 and is disposed on the annular plating 1 58 provided 
on both sides of the plated through hole 157. Such a 
construction can be readily manufactured merely by flip- 
ping the printed circuit board 156 from one side to the 
other during the process of attachment of the flexible 

55 elongate elements of the contact structure 1 55. As here- 
inafter described, this type of construction can be uti- 
lized in connection with an interposer. By utilizing the 
contact structures 155, compliance capabilities are pro- 



11 



EP 0 729 652 B1 



12 



vided on opposite sides of the printed circuit board nnak- 
ing possible face-to-face connections between nnatch- 
ing pads on electronic connponents by an interposer car^ 
rying the contact structures shown in Figure 6. 
[0074] When connpliance is only required on one side, 
a construction such as that shown in Figure 7 can be 
utilized. In this ennbodinrient, the contact structure 161 
provided on one side as for example the bottom side as 
viewed in Figure 7 consists of a flexible elongate ele- 
ment 162 which has a first bond 1 63 in the form of a ball 
bond secured to the metallization 158. The contact 
structure 161 forms a loop which extends across the 
hole 157 and is bonded to the other side of the ring 159 
by suitable means such as a second bond 164 in the 
form of a wedge bond of a type well known to those 
skilled in the art and use of wire bonding machines uti- 
lized in the semiconductor industry. The flexible elon- 
gate element 1 62 is covered by a shell 1 66 of a material 
of a type hereinbefore described. It also should be ap- 
preciated that since compliance is not needed on the 
lower side of the electronic component 156 that the con- 
tact structure 161 can be replaced by a straight pin-like 
contact structure 101 as shown in Figure 1. 
[0075] In Figure 8 there is shown another embodi- 
ment of a contact structure 171 incorporating the 
present invention which is used to form a solder column. 
The contact structure 171 is a composite contact struc- 
ture and is comprised of three "skeleton" structures 1 06 
of the type shown in Figure 1 which are spaced substan- 
tially 120° apart and which are mounted on a single con- 
tact pad 103. After the three "skeleton" structures 106 
have been made, a first continuous shell layer 172 is 
deposited onto elongate "skeletons" 106 and the con- 
ductive pad 103 to form contact structures like contact 
structures 101. This structure is then completed into a 
solder post by placing solder layer 174 therebetween. 
The solder can be of a suitable type such as an alloy of 
lead and tin which bridges between the pin-like contact 
structures and the coated surface of terminal 103 toform 
the solder post contact structure 171 . Depending on the 
use of the solder post, the solder post can be various 
sizes as for example it can have a diameter range from 
10 to 50 mils with a typical diameter being from 10 to 20 
mils. These solder posts can have a suitable height as 
forexample 10 to 200 mils with a typical height of 20-150 
mils. As explained hereinbefore, the balls 1 1 2 of the con- 
tact structures 101 can be eliminated if desired by the 
use of a non-melting severing operation. 
[0076] In Figure 9 there is shown a composite contact 
structure 176 which is provided with two contact struc- 
tures 177 mounted on a single pad 1 03 with cantilevered 
portions 177a and 177b facing in opposite directions to 
provide two redundant resilient compliant contact struc- 
tures 1 77 for each contact pad. 
[0077] Another composite contact structure 181 is 
shown in Figure 10 in which solder 182 is provided for 
bridging the upper and lower extremities of the contact 
structures 177 but not bridging the portions of the con- 



tact structures 121 having bends 177a and 177b therein 
so that compliance is still retained. With such an ar- 
rangement, it also should be appreciated that three of 
such contact structures 177 can be provided spaced 
5 120° apart with solder 182 therebetween and that the 
contact structures 1 77 do not have to be resilient in order 
to form a solderable contact. 

[0078] Another embodiment of a contact structure in- 
corporating the present invention is shown in Figure 11 
10 in which a probe-like contact structure 186 is shown. It 
consists of a flexible elongate element 187 which has 
one end secured to the contact pad 103. The flexible 
elongate element 187 is provided with a bent cantilev- 
ered portion 187a. Another portion 187b extends down- 
's wardly over one edge of the electronic component 102, 
or alternatively through a feed-through hole of the type 
hereinbefore described and is bonded by suitable 
means such as a wedge bond to a sacrificial metal layer 
188 as for example an aluminum layer which is secured 
20 to the component 102 by a thick photoresist 189 which 
serves as a standoff. After that step has been complet- 
ed, the aluminum layer 188 can be sacrificed by etching 
it away with a suitable etch such as sodium hydroxide. 
The flexible elongate element 187 can then be coated 
25 in the manner hereinbefore described with a shell 190 
formed of a nickel cobalt alloy or other suitable material 
as hereinbefore described to provide a free standing 
spring-like contact structure 186 which has its curved 
distal extremity disposed in a position below the conrv 
30 ponent 102. The material utilized in the shell 190 makes 
it possible to control the deflection characteristics of the 
free extremity of the probe contact structure. Alterna- 
tively, the shell 190 can be completed first after which 
the sacrificial layer 1 88 can be etched away. Alternative- 
's ly, it should also be appreciated thatthe bond of the elon- 
gate member to the terminal 1 03 can be of a wedge type 
and the bond to the sacrificial structure 188 can be a 
ball-type bond. 

[0079] In Figure 12 there is shown another probing 

^0 contact structure 191 which is provided with a flexible 
elongate element 192 that is bonded by a bond 193 to 
the contact pad 103. As in the previous embodiment, 
the flexible elongate element 1 92 is provided with a can- 
tilever or bend 192a and a portion 192b. The portion 

^s 192b extends over the edge 194 or through a hole pro- 
vided in the component 1 02. A shell 1 95 is provided over 
the flexible elongate element 192. Additional layers are 
provided over the shell 194 and consist of a layer 196 
formed of a dielectric material which is followed by a 

50 metal layer 197. If layer 197 is grounded, there is pro- 
vided a probe contact structure 191 which provides a 
shielded contact with controlled impedance. Thus it is 
possible to use a probe contact structure 1 91 in systems 
where shielding is desirable or necessary to improve 

55 electrical performance of the probing structure. As 
shown in Figure 12, the distalmost extremity of the probe 
contact structure 191 can be left free of the dielectric 
layer 196 and the metal layer 197 so that direct contact 
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can be made with another contact pad or another struc- 
ture. 

[0080] In Figure 13 there is shown another embodi- 
ment of a contact structure 201 incorporating the 
present invention in which the electronic component 202 
in the form of printed circuit board can be utilized as an 
interposer as hereinafter described. As in the previous 
embodiments, it is provided with a hole 203 having plat- 
ing surrounding the hole 203 to provide contact pads 
204. The contact structure 201 is of the type hereinbe- 
fore described which has a portion 206 that extends up- 
wardly on one side of the electronic component 202 and 
another portion 207 that extends downwardly through 
the hole 203 to the other side of the electronic compo- 
nent 202. The portion 207 is temporarily bonded to a 
sacrificial substrate (not shown) which is removed by 
etching as hereinbefore described. With such a con- 
struction, it can be seen that electrical connections can 
be made from both sides of the electronic component 
202. 

[0081] Anotherembodimentof a contact structure 211 
incorporating the present invention is shown in Figure 
14 in which a sacrificial aluminum layer 212 is utilized 
during construction. In the area where it is desired to 
forma contact pad on the aluminum Iayer212, a plurality 
of negative projections or holes 213 are formed in the 
surface of the aluminum layer 212. As shown, these 
negative projections or holes 213 can be in the form of 
inverted pyramids ending in apexes. The negative pro- 
jections or holes 21 3 in the aluminum are then filled with 
a conducting material 214 such as gold or rhodium 214. 
This is followed by a nickel layer 216 and a layer of gold 
217. Afiexible elongate conductive element 218 formed 
of a suitable material such as gold or aluminum is then 
bonded to the gold layer 21 7 by suitable means such as 
a bond 219. The flexible elongate element 218 extends 
through a curve or bend 218 and then goes over one 
side of the electronic component 102 and extends over 
the top of the contact pad 103 and is bonded thereto in 
a suitable manner such as by a bond 220. Thereafter a 
shell 221 formed of a spring alloy material of the type 
hereinbefore described is deposited over the flexible 
elongate element 218 and extends over the contact pad 
103 and over the gold layer 21 7 to complete the contact 
structure. By an appropriate combination of the proper- 
ties of the shell 221 and the trajectory of the bond or 
curve 218, the desired resilience can be obtained. 
[0082] During this plating procedure, the sacrificial 
aluminum layer 212 can be covered with a suitable resist 
in a manner well known to those skilled in the art. After 
the contact structure has been completed, the resist 
then can be removed and the sacrificial aluminum layer 
212 can be dissolved in the manner hereinbefore de- 
scribed to provide a contact pad 224 at the free end of 
the contact structure 211 . In this manner it can be seen 
that a contact pad can be constructed with a controlled 
geometry as for example one having a plurality of sharp 
points which can apply high local pressure forces to con- 
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tact another pad as for example an aluminum pad on a 
semiconductor device to break any oxide present on the 
aluminum pad and to make good electrical contact 
therewith by causing deformation of the aluminum pad 
5 around the sharp points. These high contact forces can 
be created while applying a relatively low overall force 
on the contact pad 224. 

[0083] Still anothercontact structure incorporating the 
present invention is shown in Figure 15 which shows a 

10 contact pad 227 carried by the free end of the contact 
structure 226. The contact pad 227 has a depending 
mechanically shaped probe 228 carried at one end of a 
rectangular contact pad 227. The contact pad 227 is 
constructed in a manner similar to the contact pad 224 

^5 and by way of example can be provided with a nickel or 
rhodium tip or probe 228 and a layer 229 also formed of 
nickel or rhodium. The layer 229 is covered with another 
isolation layer 231 of a nickel alloy which is covered with 
a gold layer 232. A flexible elongate element 236 of a 

20 conductive material is connected to the pad 103 by a 
bond 237 and extends over the edge of the semicon- 
ductor structure 102 through a cantilever or bend 236a 
and is bonded to the gold layer 232 in a suitable manner 
such as by a bond 238. The flexible elongate element 

25 236 as well as the bonds 237 and 238 are overplated 
with a shell 239. The shell 239 is of a strong alloy of the 
type as hereinbefore described and extends over the 
pad 103 and over the entire gold layer 232. With this 
type of a contact structure 226, it can be seen that a 

30 cantilevered probe 228 is provided which enhances the 
ability to control the deflection versus load behavior of 
the contact structure 226. 

[0084] Another contact structure 241 incorporating 
the present invention is shown in Figure 16. The contact 

35 structure as shown is bent into a loop. This is acconn- 
plished by taking a flexible elongate element 242 of a 
conductive material and bonding it to one side of the 
contact pad 103 in a suitable manner such as by ball 
bond 243 and then forming the flexible elongate element 

40 into an upside down loop 242a which is generally in the 
form of a "U" and then attaching the other end of flexible 
elongate element to the other side of the contact pad 
243 by suitable means such as a wedge bond 244. A 
shell 246 can then be formed on the flexible elongate 

45 element 242 in the manner hereinbefore described 
which is deposited overthe bonds 244 and 246 and over 
the edges of the contact pad 103. In this way it is pos- 
sible to provide a relatively rigid contact structure 241. 
It should be appreciated that if desired, more than one 

50 of the looped contact structures 241 can be provided on 
a pad 103. For example, two of such structures can be 
provided which are spaced apart on the same contact 
pad 103. 

[0085] Another contact structure 251 incorporating 
55 the present invention is shown in Figure 17 and is com- 
prised of two of the contact structures 241 hereinbefore 
described in conjunction with Figure 17 which have 
been spaced apart and mounted on the same pad 103 
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and in which a solder layer 252 is fornned over the con- 
tact structures 241 and bridges the U-shaped spaces 
provided between the contact structures 241. In addition 
as shown, the solder can bridge the two separate con- 
tact structures 241 to provide a unitary solder bunnp 253. 5 
It should be appreciated that if desired, the two contact 
structure 241 can be spaced far enough apart so that 
the solder will not bridge between the two contact struc- 
ture 241 but will only bridge between the bridge formed 
in each of the contact structures 241 to provide separate 
solder bumps on a pad 103. 

[0086] Still another contact structure 256 is shown in 
Figure 18 in which a large contact pad 103 is provided 
on the semiconductor component 102 or other electron- 
ic component and in which a plurality of contact struc- 
tures 241 of the type hereinbefore described are placed 
around the outer perimeter of the pad 1 03. The bonding 
of the internal elongate element or skeleton is started 
with a ball bond 243 and successive loops are made 
with wedge bonds 244 therebetween to in effect form a 
rectangular fence closing a volume. The internal elon- 
gate element is then overcoated with a shell (not shown) 
of the type hereinbefore described. The rectangular 
fence then can be filled with solder (not shown) to pro- 
vide a freestanding solder contact or a bump which can 25 
serve as a heat sink where that is desired. 
[0087] An interposer 301 is shown in Figure 19 and 
consists of a substrate 302 having first and second pla- 
nar surfaces 303 and 304. The substrate 302 can have 
a suitable thickness as for example ranging from 5 to 30 
200 mils and preferably has a thickness of 20 to 100 
mils. The substrate 302 can be formed of a suitable ma- 
terial such as a molded plastic which serves as an insu- 
lator and is provided with a plurality of spaced apart 
holes 306 extending through the first surface 303 and a 55 
plurality of spaced apart holes 307 extending through 
the second surface 304. The holes 306 and 307 can 
have any desired geometry in cross section as for ex- 
ample circular. As shown, the holes 306 and 307 are 
eccentric. Thus each of the holes 306 and 307 is pro- "to 
vided with a straight sided wall portion 308 which ex- 
tends perpendicular to the surface through which it ex- 
tends and can include an inclined wall portion 309 which 
is inclined inwardly and downwardly into the hole. As 
can be seen from Figure 19, the holes 306 and 307 are ^5 
arranged in pairs In which the holes in each pair are off- 
set slightly with respect to each other and are intercon- 
nected by passage 311 extending between the same so 
that in effect there is provided a single hole extending 
through the substrate 302 with one portion of the hole 50 
on one side being offset with respect to the portion ex- 
tending through the other side of the substrate. Thus in 
effect there is provided a composite hole 312 which can 
be plated in a conventional manner as for example as 
utilized with printed circuit boards for providing a plated 55 
through holes which have a plating 313 formed of a ma- 
terial such as copper optionally overcoated with gold. 
Because of the offset provided between each pair of 



holes 306 and 307 there is provided a planar shoulder 
306 in the bottom of each of the holes 306 and 307 on 
which the plating 313 is provided. The shoulders 316 
with the plating 313 thereon form areas to which conr>- 
pliant contact structures 121 of the type hereinbefore 
described and as shown in Figure 2 can be formed. The 
material forming the shells 131 of such contact struc- 
tures also extends over the plating 313 provided for plat- 
ing through the composite hole 312 to form an excellent 
bond between the contact structure 121 and the plating 
313. 

[0088] It can be seen from Figure 19 that the contact 
structures have a suitable length such that their free 
ends extend beyond the planar surfaces 303 and 304 
on opposite sides of the substrate 302 so they can make 
contact with electronic components as hereinafter de- 
scribed. The free ends of the interconnect structures 
121 can be spaced a suitable distance apart as for ex- 
ample 10 to 200 mils and preferably between 20 and 
100 mils. The substrate 302 can be formed of various 
types of plastics. For example they also can be polyeth- 
erimide. polysulfone or liquid crystal polymer based 
plastic molded materials. 

[0089] In the arrangement shown in Figure 19, the 
pairs of electrodes are electrically isolated from each 
other. However, it is apparent that the pairs of electrodes 
can be interconnected if that is desired merely by plac- 
ing conductive portions of the plating 313 on the sides 
or surfaces 303 and 304 to make the appropriate inter- 
connections. For example, the common plated portions 
on the surfaces 303 and 304 can represent power and 
ground planes which make appropnate interconnec- 
tions to power and ground contacts. 
[0090] In Figure 20 there is shown a double-sided in- 
terposer 321 which consists of a plastic substrate 322 
in the form of a thin plastic sheet formed of a suitable 
material such as a polyimide. A plurality of spaced apart 
holes 323 can be drilled or molded into the substrate 
322. The substrate also can be in the form of a rein- 
forced epoxy laminate such as an epoxy reinforced with 
fiberglass and the holes 323 drilled therethrough. Plat- 
ing 324 of a type hereinbefore described is used for plat- 
ing through the holes 323 and for providing metallization 
326 on the top side and metallization 327 on the bottom 
side of the substrate 322 as shown in Figure 20. How- 
ever in connection with the present invention, it can be 
seen that if desired the metallization 327 provided on 
the bottom side of the substrate 322 can be eliminated 
if desired. A contact structure 201 like that disclosed in 
Figure 13 can be mounted on the conductive layer 326 
adjacent the plated-through hole 323. This contact 
structure 201 includes a contact structure 1 21 which ex- 
tends resiliently from the one side of the substrate 322 
whereas the other contact structure 201 extends 
through the hole 323 and beyond the other side so a 
probe type contact is available from that side. It can be 
seen that if desired, circuitry can be provided on the sub- 
strate 322 and connected to the contact structures 121 
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and 201. In addition, pins (not shown) can be provided 
in the substrate 322 for registering the interposer 321 
with other electronic connponents as hereinafter de- 
scribed. 

[0091] Another interposer 331 incorporating the 5 
present Invention shown in Figure 21 in which resilient 
contact structures 121 are provided on one side of a 
substrate 332 and solderable contacts 334 are provided 
on the opposite side. Plated-through holes or vertical via 
conductors 336 are provided in the substrate 332. 
Standoffs 161 of the type hereinbefore described in con- 
junction with Figure 7 are provided on the opposite side 
of the substrate 332 and are connected to the plating 
337 upon which the contact structures 121 and the 
standoffs 161 are mounted. Thus it can be seen that the ^5 
interposer 331 provides the capability of making spring 
contacts from one side of the interposer and solder 
standoffs or solderable contacts from the other side of 
the interposer. 

[0092] In Figure 22 there is shown interposer 341 20 
which is provided with double-sided resilient contact 
structures 121 which are disposed on opposite sides of 
a substrate 342 having plated through holes 343 therein 
and the standoffs 346. The standoffs 346 are loop- 
shaped and are mounted on the metallization 347 car- 25 
ried by the substrate 342 and can be positioned any- 
where on the substrate 342. As can be seen from Figure 
22, the standoffs 346 have a height which is less than 
the height of the contact structure 121 so that in the 
event there is undue pressure applied by the electronic 30 
component making contact to the contact structure 121 , 
compressive inward movement against the yieldable 
force of the contact structure 121 will be arrested by the 
standoffs 346. The standoffs 346 can be made in the 
same way as the contact structures 121 hereinbefore 35 
described with a skeleton covered by a shell. However, 
it should be appreciated that the bonds at both ends of 
the flexible elongate element internal of the standoffs 
can be wedge bonded if desired. 

[0093] In Figure 23 there is shown an active semicon- 40 
ductor device assembly 351 incorporating the present 
invention. Assembly 351 consists of a semiconductor 
device 352 in the form of a silicon body which is con- 
structed in a manner well known to those skilled in the 
art and has internal metallization layers and internal 45 
connections It is provided with a top aluminum alloy met- 
allization 353 which is covered by a passivation layer 
354. A plurality of contact structures 355 of the type 
hereinbefore described extend through holes 356 pro- 
vided in the passivation layer 354 and make contact with 50 
the aluminum metallization 353. As can be seen in Fig- 
ure 23, the uppermost tip of the contact structures 355 
are aligned in two rows with alternate contact structures 
355 in each row being offset from the uppermost tip of 
the other contact structures 355 to provide a staggered 55 
arrangement making possible three dimensional fan- 
outs. The spacing between the aluminum pads on the 
semiconductor device 352 may be a certain distance 



apart as represented by the letter D which by way of 
example can be 5 mils. The staggered free extremities 
of the contact structures 355 can be a much greater dis- 
tance apart represented by mD as shown in Figure 23 
which by way of example could be 10 mils or 15 mils. 
This different spacing for the free ends is readily 
achieved by providing different offsets for the free ends 
of the contact structures 355. Thus one set of contact 
structures 355 consisting of alternate contact structures 
355 can be provided with a larger bend than the other 
contact structures 121 in the row so that the free ends 
of the contact structures 121 are offset by a desired 
amount. In this way, it can be seen that there can be a 
relatively close geometries provided on a semiconduc- 
tor device with larger pad separations being possible for 
interconnection to another device. 
[0094] If desired, an optional encapsulant 357 (see 
Figure 23) can be provided which extends over the base 
of the contact structures 355 and which extends over 
the surface of the semiconductor device 352 overlying 
the passivation layer 354. Also, if desired, encapsulant 
357 additionally can be provided on the lower extremi- 
ties of the contact structures 355 as shown in Figure 23 
which serves to envelop the lower portion of the canti- 
lever of the contact structure 355. If desired, all of the 
contact structure 355 can be provided with such addi- 
tional encapsulant 357. The applied encapsulant 357 
assists in preventing or at least limiting handling dam- 
age to semiconductor devices during assembly opera- 
tions. 

[0095] A semiconductor device assembly 366 incor- 
porating another embodiment of the invention is shown 
in Figure 24 and consists of an active semiconductor 
device 367 which is provided with aluminum metalliza- 
tion forming contact pads or areas 368. By way of ex- 
ample, the active semiconductor device can be a mem- 
ory chip or microprocessor Most of the surface of the 
semiconductor device 367 Is covered by a passivation 
layer 369. Holes or openings 371 are formed in the pas- 
sivation layer 369 In a manner well known to those 
skilled in the art as for example by utilizing a photoresist 
and a suitable etch. After the holes 371 have been 
formed, a continuous shorting layer (not shown) is de- 
posited over the passivation layer 369 and over the alu- 
minum alloy contact pads 368. This is followed by a pho- 
toresist layer (not shown) after which holes (not shown) 
are formed in the photoresist which are in registration 
with the holes 371 and are of a greater diameter by 0.5 
to 5 mils and preferably 1-3 mils. Thereafter, metalliza- 
tion 376 in the form of a suitable matenal such as a layer 
of nickel followed by a layer of gold is formed in the holes 
371 and into the larger holes formed in the photoresist 
after which the photoresist is stripped in a conventional 
manner so that there remains the metallization 376, and 
the shorting layeris etched away, otherthan in the areas 
underneath the metallization 376. As shown in Figure 
24 the metallization is deposited to a thickness of 1-3 
mils and provides an annular overhang portion 376a. 
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[0096] Contact structures 381 similar to the contact 
structures 121 are provided in the cup-shaped metalli- 
zation 376 as shown with the flexible elongate member 
or skeleton 382 being ball- bonded to the cup shaped 
metallization 376 and with the shell 383 extending over 
the top of the annular overhang 376 to in effect provide 
a larger diameter cap. Alternatively, the contact struc- 
tures 381 can be constructed in the holes 371 by bond- 
ing the skeletons in the holes followed by deposition of 
the shell or muscle, after which the photoresist can be 
stripped and the shorting metal layer is etched away. 
[0097] As shown in Figure 24, the contact structures 
381 can have different configurations with some having 
larger bends and others having smaller bends with 
those with larger bends having longer cantilevered por- 
tions. Every other one of the contact structures 381 ex- 
tend in an opposite direction so that the free standing 
ends have a pitch or spacing between adjacent free 
standing ends identified as mD which is different from 
the pitch or dimension D between adjacent contact 
structures 381 at the caps 376. It can be seen that by 
providing different angulation for the contact structures 
381 as well as providing different shapes, the free stand- 
ing ends can be disposed in a plane which is parallel to 
the plane of the active semiconductor device 367 but in 
which the spacing between the free ends can be signif- 
icantly different from the spacing between individual 
contact structures at the bases of the contact structures 
to provide the desired spacing or pitches at the free 
standing ends. In other words, it can be seen from the 
semiconductor device assembly in Figure 24 that it is 
possible to place contacts on a semiconductor device 
at a certain pitch whereas the same pitch or different 
pitches can be provided at the free upstanding ends of 
the contact structures provided thereon. 
[0098] It is also shown in Figure 24 in order to facilitate 
alignment of the semiconductor device assembly 366 
with other electronic components as for example printed 
circuit boards and the tike, alignment pins 386 can be 
provided which can be formed at the same time that the 
contact structures 381 are formed. Thus, although in 
Figure 24 a single alignment pin 386 is shown, it should 
be appreciated that a plurality of such alignment pins 
can be provided on a semiconductor device assembly 
366. In order to facilitate the formation of such alignment 
pins 386 when the metallization 376 is provided on the 
passivation layer 369. pads 387 of the metallization dis- 
posed in appropriate places are provided, typically 
placed on the passivation layer 369. The alignment pins 
'386 are then formed of a skeleton 388 and a shell 389 
at the same time that the other contact structures 381 
are formed. Thus it can be seen that it is very easy to 
provide the desired number of alignment pins in con- 
junction with the contact structures 381 without any sub- 
stantial increase in cost of the completed semiconductor 
device assembly 366. 

[0099] The active semiconductor devices 367 are typ- 
ically made in a wafer form as for example 8" (1 inch = 



2-54 cm) in diameter and with the wafers having a thick- 
ness ranging from 15 to 30 mils preferably from 15 to 
25 mils although there is the capability of providing senrv 
iconductor device assemblies as thin as 10 mils. With 

5 the construction shown in Figure 24, it is impossible to 
provide resilient contact structures 381 which can over- 
hang the edge or outer boundary of each individual chip 
on a wafer so that it is possible to make contact to the 
semiconductor devices in the wafer prior to die cutting 

10 a wafer. This die cutting or dicing operation is typically 
described as singulation in which the wafer is cut into 
single semiconductor devices. In connection with the 
design of the semiconductor device assembly 366, it is 
desirable that the contact structures 381 be positioned 

15 in a manner shown in Figure 23 so that a minimum sur- 
face area is required for die cutting to provide the de- 
sired singulation. Typically these regions in which the 
cutting is to take place are called scribe streets. By al- 
ternating the contact stmctures 381 provided on those 

20 pads to provide the offsets as shown in Figure 24 it is 
possible to obtain increased pitches for making inter- 
connections to other electronic components. 
[0100] Thus it can be seen that the process of the 
present invention can be utilized with semiconductor de- 

25 vices in wafer form as well as with single semiconductor 
devices. Also with the arrangement shown in Figure 24 
it can be seen that interconnections can be made with 
the contact structures 381 at the same time that the 
alignment pins 386 are being utilized to achieve the 

30 proper alignment for the contact structures and the elec- 
tronic component being mated therewith. 
[0101] A semiconductor device assembly 366 of the 
type shown in Figure 24 is capable of being tested at its 
full functional speed by yieldably urging the tips of the 

35 contact structures 381 into compressive engagement 
with matching contact terminals provided on a test sub- 
strate (not shown). Such testing can be carried out with- 
out the need of special probes carried by a test sub- 
strate. In order to ensure excellent contact between the 

40 contact terminals on the test substrate, the conductive 
shell 383 can be provided with an outer layer of a noble 
metal such as gold, rhodium or silver by providing a sinrv 
ilar material on the contact pads of the test substrate, a 
low contact resistance is obtained. Heretofore it has 

^5 been necessary for test probes to engage typically alu- 
minum contacts which have a propensity to oxidize, re- 
sulting in high contact resistance. 
[0102] The construction shown in Figure 24, in addi- 
tion to facilitating test procedures, can also be utilized 

50 for burn-in testing of the semiconductor device. Thus, in 
the same manner, the semiconductor device assembly 
367 can have its contact structures 381 yieldably en- 
gage matching contact pads provided on a burn-in test 
substrate (not shown) which can be formed of the same 

55 nriaterial as the contact pads provided on the test sub- 
strate. The device 367 when in contact with the burn-in 
test substrate can be exercised during prolonged peri- 
ods while being exposed to alternately high and low tem- 



12 



21 

peratures. In connection with such burn-in testing, it 
should be appreciated that multiple senniconductor de- 
vices 367 can be used to populate a burn-in board or 
substrate capable of receiving a plurality of such semi- 
conductor devices 367 and retained in engagement 5 
therewith by spring clips of the types hereinafter de- 
scribed In connection with Figures 26 and 27. Registra- 
tion of the semiconductor device assembly 367 with the 
test burn-in substrates can be facilitated by the use of 
the registration or alignment pins 386. The fan-out ca- io 
pabilities provided with the semiconductor structures 
381 arranged in the manner shown in Figure 24 makes 
it possible to have a fine pitch for the contact pads on 
the semiconductor device assembly 367 with a coarser 
pitch for the tips of the contact structures 381. This ^5 
makes it possible to simplify the registration of such 
semiconductor devices with coarser and possibly a 
standard pitch forthe contact pads on the test and burn- 
in substrates, making it possible to reduce the cost of 
such test and burn-in substrates. 20 
[0103] After the testing and burn-in procedures have 
been performed on the semiconductor devices 367 and 
the performance of the devices has been validated, they 
can be removed from the test and/or burn-in substrates 
by removing the spring clips and thereafter bringing the 25 
free ends of the contact structures 381 into engagement 
with matching patterns of contact pads provided on an 
interconnection substrate of the type hereinafter de- 
scribed to provide a permanent interconnection. The 
fan-out capabilities of the contact structures 381 shown 30 
in Figure 24 also make it possible to utilize a pitch on 
the contact pads carried by the interconnection sub- 
strate which differs from the pitch of the contact pads on 
the semiconductor device 367. The registration pins 386 
can also aid in making the desired registration and sim- 35 
plifies making the permanent Interconnections. 
[0104] A semiconductor package assembly 401 is 
shown in Figure 25. Mounted within the package assem- 
bly 401 is a printed circuit (PC) board 411 which carries 
circuitry which includes contact pads 41 2 on one side of 40 
the printed circuit board 411 and additional contact pads 
413 on the other side of the PC board. Semiconductor 
devices 416 and 417 are provided on opposite sides of 
the printed circuit board and carry resilient contact struc- 
tures 418 that are mounted thereon in a manner here- 45 
inbefore described to provide a double-sided flip chip 
attachment to the circuit board 411 with solderable ter- 
minals. The resilient contact structures 418 are bonded 
to the contact pads 412 and 413 by passing the assem- 
bly through a suitable furnace to cause the solder car- 50 
ried by the resilient contact structures 41 8 to form a sol- 
der joint with the contact pads 412 and 413. This proc- 
ess can be further assisted by the use of reflowable sol- 
der paste applied to contact pads 412 and 413, as is 
well known to those skilled in the art of surface mount 55 
assembly technologies. An encapsulant 419 formed of 
a suitable insulating material is disposed between the 
printed circuit board 411 and the semiconductor devices 
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416 and 417 to complete the package. 
[0105] Another semiconductor package assembly 
421 incorporating the present invention is shown in Fig- 
ure 26 and includes a laminated printed circuit board 

423 carrying pads 424 and 426 on opposite sides of the 
same. Semiconductor devices 427 and 428 are dis- 
posed on opposite sides of the PC board 423 and carry 
contact structures 429 of the type hereinbefore de- 
scribed. The contact structures 429 can be yieldably 
urged into engagement with the contact pads 424 and 

426 by spring-like clips 431 which are secured to the 
printed circuit board and which snap over the edges of 
the semiconductor devices 427 and 428. These spring- 
like clips 431 can be dispersed around the perimeter of 
the semiconductor devices as for example for a rectan- 
gular semiconductor device at least four of such spring- 
like clips 431 can be provided with two on each of two 
opposite sides. The spring clips 431 as shown are bond- 
ed to contact pads carried by the printed circuit board 
423. Each of the clips 431 is provided with a flexible 
elongate element or skeleton 433 of the type hereinbe- 
fore described which is bonded in a suitable manner as 
for example by a ball bond to the pads433. The skeleton 

433 is provided with two bends 433a and 433b to form 
the spring-like clip which extends over one side of the 
semiconductor device as shown in Figure 27. A shell 

434 provides a suitable reinforcement or muscle for the 
clips 431 and augments the spring-like or clip-like char- 
acteristics of the bends 433a and 433b to retain the senv 
iconductor devices 427 and 428 in place. With such an 
arrangement, it can be seen that the semiconductor de- 
vices 427 and 428 with their contact structures 429 are 
retained in intimate contact with the contact pads 424 
and 426. This arrangement permits registration of con- 
tact structures 429 with the contact pads 424 and 426. 
When it is desired to remove the semiconductor devices 

427 and 428, it is only necessary to push the spring clips 
431 outwardly to release the semiconductor devices 
427 and 428 carrying with them the contact structures 
429 which become disengaged from the contact pads 

424 and 426. 

[0106] A solder coating can be provided either on the 
free ends of the contact structures or on the contact 
pads to be engaged thereby and by then passing the 
assembly through a furnace, the solder forms a joint 
mass which intimately encompasses the free ends of 
the contact structures and the surfaces of the pads leav- 
ing only an optional thin coating on the lengths of the 
contact structures to thereby provide a connection 
which is compliant in three directions. X, Y and Z direc- 
tions. 

[01 07] An alternative semiconductor package assem- 
bly 441 is shown in Figure 27 and consists of a PC board 
442 or other suitable substrate which carries contact 
pads 443 and 444 that are spaced apart on one surface 
of the PC board 442. Contact structures 446 are mount- 
ed on the pads 443 and are comprised of a skeleton 447 
and shell 448 construction in the manner shown to pro- 
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vide a resilient contact structure. Spring clips 451 of the 
type shown in Figure 26 are secured to the pads 444. 
As shown in Figure 27 a semiconductor device 452 is 
clamped between the uppermost extremities of the con- 
tact structures 446 and removably engages metallized 5 
cup-shaped terminals 453 carried by the semiconductor 
device 452 of a type hereinbefore described, in this con- 
struction it can be seen that the semiconductor device 
452 is demountable by merely pushing aside the spring 
clips 451 because there is no solder interconnection be- io 
tween the distal or free extremities of the contact struc- 
tures 446 and the contact terminals 453 carried by the 
semiconductor device 452. It should be appreciated with 
the arrangement shown in Figure 27 that if desired, the 
contact structures 446 can be mounted in the wells 453 ^5 
carried by the semiconductor device 452 and that the 
free ends of the contact structures 446 removably en- 
gage the pads 443 carried by the printed circuit board 
and to thereby achieve substantially the same results 
as achieved by the arrangement shown in Figure 27. It 20 
should be appreciated that in place of spring clips 451 , 
external spring elements (not shown) can be used to 
spring load the contact structures 446 against metal- 
lized wells 453. 

[0108] Another semiconductor package 461 is shown 25 
in Figure 28 which is particularly suited for use with print- 
ed circuit boards 462 having vertical via conductors or 
plated-through holes 463 extending therethrough. A 
semiconductor device 466 is provided which carries re- 
silient contact structures 467 of a type hereinbefore de- 30 
scribed. The contact structures 467 as shown are pro- 
vided with a plurality of bends 467a and 467b particu- 
larly at their free ends which bends are such so that they 
subtend a diameter which is greater than the diameter 
of the plated through holes 463 provided in the printed 35 
circuit board. Thus as shown in Figure 28, when the 
semiconductor device is positioned so that the contact 
structures 467 are in registration with the plated through 
holes, the contact structures 467 can be pushed into the 
plated through holes to form spring-loaded fits between ^0 
the contact structures 467 and the walls of the plated- 
through holes 463 to retain the semiconductor device 
466 in a demountable or removably mounted position 
on the PC board 462 and making electrical contact with 
the plated-through holes so that contact can be made ^5 
from the printed circuit board to the outside world. 
[0109] Still another semiconductor package assem- 
bly 471 incorporating the present invention is shown in 
Figure 29 In which there is provided a PC board 472 
having a plurality of spaced apart holes 473 provided 50 
therein. Spaced apart contact pads 476 are provided on 
opposite sides of the PC board. Semiconductor devices 
477 and 478 are provided on opposite sides and carry 
contact structures 481 of the type hereinbefore de- 
scribed which are of a resilient type and have free ends 55 
which are adapted to engage the contact pads 476. 
Spring clips 486 of the type also hereinbefore described 
are mounted on the semiconductor device in a manner 
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hereinbefore described and are positioned on the senn- 
iconductor device so that they are in registration with the 
holes 473 provided in the printed circuit board 472. As 
shown, the semiconductor devices 477 and 478 can be 
clipped to the PC board 472 by having the spring clips 
486 extend through the holes 473 and having portions 
486a engaging the opposite sides of the printed circuit 
board as shown in Figure 29. In this connection, a solder 
connection can optionally be formed between the free 
ends of the contact structures 481 and the contact pads 
476. Alternatively as hereinbefore described, the free 
ends can be formed so that they can make a removable 
resilient contact with the pads 476. Such a construction 
can be readily made by providing free ends which are 
adapted to frictionally engage the contact pads 476 
through spring loading. 

[0110] Another semiconductor package assembly 
491 is shown in Figure 30 incorporating another embod- 
iment of the invention in which a PC board 492 is pro- 
vided having spaced apart holes 493 extending there- 
through. Semiconductor devices 494 and 496 of the 
type hereinbefore described are provided and have 
mounted thereon contact structures 497. Similarly align- 
ment pins 498 of the type hereinbefore described are 
mounted on the semiconductor devices 494 and 496. 
[01 11] In assembling the semiconductor package as- 
sembly 491. the semiconductor device 496 which can 
be in the form of a semiconductor chip which can be 
placed on a carrier (not shown) for automated handling 
after which the chips are selected and brought over the 
top with the holes 493 in registration with the alignment 
pins 498. Thereafter as shown, the upper extremities of 
the alignment pins 498 are bent over to retain the printed 
circuit board in engagement with the semiconductor de- 
vice 496. This intermediate assembly of the semicon- 
ductor device 496 and printed circuit 492 is flipped. 
Thereafter, the second semiconductor device 494 is 
brought over the top of the printed circuit board 492 and 
turned upside down so that the alignment pins 498 are 
in alignment with other holes 493 in a printed circuit 
board and then moved into the holes 493 to cause the 
contact structures 497 carried thereby to move into en- 
gagement with the contact pads 499 on the printed cir- 
cuit board. In order to additionally assist retaining the 
parts in an aligned condition, an adhesive 501 of a suit- 
able type, with an appropriate solvent which shrinks up- 
on curing due to solvent evaporation can be optionally 
placed between the printed circuit board 492 and the 
semiconductor devices 494. It can be seen that if de- 
sired when an adhesive is used, the free extremities of 
the alignment pins 498 carried by the semiconductor de- 
vice 496 need not be bent over as shown. 
[0112] Another semiconductor package assembly 
506 incorporating the present invention as shown in Fig- 
ure 31 consists of a printed circuit board 507 which is 
provided with a large plated through opening or hole 
508. A capacitor 511 is disposed in the targe plated 
through hole 508 and consists of first and second elec- 
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trode plates 512 and 513 separated by dielectric mate- 
rial 514. The free extension 512a of the plate 512 is 
bonded to the portion 508a of the plating for the plated 
through hole 508 and the free extension 51 3a of the oth- 
er plate 51 3 is bonded to the plating portion 508b of the 5 
plating for the plated through hole 508. In this way it can 
be seen that the capacitor 511 is suspended in the plat- 
ed through hole 508. A plurality of contact pads 516 are 
provided on the upper and lower surfaces of the sub- 
strate or the PC board 507 and are spaced apart from io 
the plated through hole 508. Another contact pad 51 7 is 
provided on the printed circuit board and is in contact 
with the portion 508b of the plated through hole 508. 
Semiconductor devices 521 and 522 are provided and 
are of a type hereinbefore described and carry contact 15 
structures 523 of the type hereinbefore described which 
are soldered to the contact pads 516 and the contact 
pads 517 as shown, 

[0113] Another semiconductor device assembly 526 
incorporating the present invention is shown in Figure 20 

32 and consists of a PC board 527 which carries a plu- 
rality of spaced apart contact pads 528 on opposite 
sides of the same which are bonded to contact struc- 
tures 529 of the resilient type hereinbefore described 
which are mounted on semiconductor devices 531 and 25 
532. Capacitors 511 of the type hereinbefore described 
are disposed on opposite sides of the printed circuit 
board 527. The capacitors 511 are provided with plates 
512 and 51 3 which are bonded to contact pads 533 pro- 
vided on opposite sides of the printed circuit board 527. 30 
Thus it can be seen that the capacitors 511 are disposed 

in the spaces between the semiconductor devices 531 
and 532 and opposite sides of the printed circuit board 
527. There is adequate space for such capacitors as 
needed in connection with the semiconductor devices 35 
531 and 532. It can be seen by adjusting the height of 
the resilient contact structures 529 that adequate space 
can be provided for the capacitors 511 and between the 
printed circuit board and the printed circuit board 527 
and the semiconductor devices 531 and 532. -^o 
[0114] Another semiconductor device assembly 536 
incorporating the present invention is shown in Figure 

33 and as shown therein consists of a multilayer printed 
circuit board or substrate 537 which is provided with first 
and second surfaces 538 and 539. A rectangular recess ^5 
of 541 is provided in the PC board 537 which opens 
through the first surface 538. A plurality of spaced apart 
steps 542 are provided accessible through the side hav- 
ing a surface 539 thereon and are at various elevations 
with respect to the surface 539 so as in effect to form 50 
depressions or recesses surface 539. As shown, the 
printed circuit board 537 is provided with at least three 
different levels of metallization identified as 546. It is al- 
so provided with a plurality of vertical via conductors or 
vertical vias 549 which as shown extend in directions 55 
perpendicular to the surfaces 538 and 539 and make 
various interconnections as shown in Figure 33. The 
vertical vias 559 can be formed of a suitable material 



such as molybdenum or tungsten in a ceramic substrate 
or in the form of plated-through holes in laminated print- 
ed circuit boards. A plurality of contact pads 551 are pro- 
vided in the side carrying the second surface 539 and 
as shown are disposed on the steps 542 as well as on 
the surface 539 and are thereby directly connected to 
several levels of metallization. Resilient contact struc- 
tures 552 of the type hereinbefore described are bonded 
to each of the contact pads 551 and are of various 
lengths as shown in Figure 33 so that their free extrenn- 
ities substantially lie in a single plane which is generally 
parallel to the surface 539 and the surfaces of the steps 
542. 

[0115] A through-hole decoupling capacitor 556 is 
provided which is comprised of multiple capacitors 
formed by a plurality of parallel conducting plates 557 
disposed in a dielectric material 558 of a type well known 
to those skilled in the art. The plates 557 are connected 
to vertical vias 559. The vertical vias 559 on one side 
are connected to contact pads 561 which are disposed 
within the recess 541 and make contact with the vertical 
vias 549 carried by the printed circuit board 537. 
[0116] As can be seen in Figure 33, the upper surface 
of the decoupling capacitor 556 just extends slightly 
above the surface 538 of the printed circuit board 537. 
Metallization is provided on the surface 538 of the print- 
ed circuit board and provides contact pads 562. Addi- 
tional contact pads 563 are provided on the decoupling 
capacitor 556 which are in contact with the vertical vias 
559. A semiconductor device or chip 566 is provided 
which has a plurality of contact pads 567. Resilient con- 
tact structures 568 of the type herein described are 
mounted on the contact pads 562 and 563 with the up- 
permost points of the contacts 568 terminating substan- 
tially in common horizontal plane so that the free ends 
of the contact structures 568 are bonded to the contact 
pads 567 on the integrated semiconductor device 566. 
Thus it can be seen that the resilient contact structures 
568 readily accommodate the disparity in the levels of 
the planar surfaces of the decoupling capacitor 556 and 
the surface 538 of the printed circuit board 537. This 
makes it possible to bond the planar surface of a chip 
566 to surfaces which may not be planar as shown in 
Figure 33. 

[0117] This type of construction makes it possible to 
provide very low inductance coupling to the decoupling 
capacitor 556 which is a very important parameter de- 
fining the performance of a microprocessor. As ex- 
plained previously, all of the contacts on the other side 
of the printed circuit board 537 do not originate in the 
same plane which facilitates making direct connections 
to the contact pads on the different planes as shown. 
This makes it possible to reduce the number of vias and 
conductors required for interconnections within the sub- 
strate. 

[0118] Although the final outside packaging for the 
semiconductor package assembly 536 is not shown, it 
can be readily appreciated by those skilled in the art, 
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packaging of the type hereinbefore described can be uti- 
lized. Alternatively, the under chip 566 which is shown 
in Figure 33 can be encapsulated (not shown) in a suit- 
able polymer or epoxy based connpound. 
[0119] It should be appreciated that if desired, the 5 
printed circuit board 537 can be on a larger scale so that 
it can accomnnodate several semiconductor face-down 
connected chips on the surface 538 by utilizing the same 
principles which are shown in Figure 33. Thus flip chips 
566 can be provided adjacent to each other arranged in io 
rows extending in both the X and the Y directions as 
desired. 

[0120] Another semiconductor package assembly 
571 incorporating the present invention is shown in Fig- 
ure 34 and as shown therein is in a form of a composite 
structure which by way of example can include a semi- 
conductor package assembly 536 of the type hereinbe- 
fore described in conjunction with Figure 33 showing the 
way that it can be mounted on another printed circuit 
board 576 which can be characterized as a motherboard 20 
or an integration substrate. As shown, the motherboard 
576 is provided with first and second surfaces 577 and 
578 provided by solder layers 579, often called solder 
masks, disposed on opposite sides of the motherboard 
576. The motherboard also has multiple layers of met- 25 
allization 581 and a plurality of spaced-apart vertical 
plated-through holes 583 extending perpendicularto the 
surfaces 577 and 578. The plated-through holes 583 are 
provided with contact surfaces 586 which are accessible 
through openings 587 provided in the surface 577. They 30 
are also provided with contact surfaces 591 accessible 
through holes 592 in the layer 579 which extend through 
to the surface 578. As shown in Figure 34, the contact 
surfaces 586 are engaged by the free extremities of the 
resilient contact structures 552 and are bonded thereto 35 
by suitable means such as a solder or an electrically 
conductive epoxy to complete the assembly. 
[0121] It should be appreciated that with a large moth- 
erboard a plurality of semiconductor package assem- 
blies 536 of the type shown in Figure 33 can be mounted 
on the same mother printed circuit board or integration 
substrate. Similarly, semiconductor package assem- 
blies 536 can be mounted on the otherside of the mother 
printed circuit board which are prepared in a manner 
similar to that hereinbefore described. 
[0122] In connection with mounting the semiconduc- 
tor package assembly 536 on a mother circuit board, 
rather than the direct solder contacts shown in Figure 
34, it should be appreciated that if desired, the contact 
structures 552 can be in the form of demountable con- 
tact structures such as the contact structures 467 shown 
in Figure 28 to make electrical and spring-loaded con- 
tact with the conductive terminals connected to plated- 
through holes 583 provided in the motherboard. Thus in 
this manner, spring loaded fits can be provided between 
the motherboard 576 and the semiconductor package 
assembly 536. Such a construction is desirable because 
it makes it possible to replace a semiconductor package 
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in the field. Thus, for example by utilizing such spring 
loaded contacts, the semiconductor package assembly 
536 can be removed and replaced by another one of 
greater capabilities. For example, a microprocessor in 
a notebook computer could be upgraded in this manner. 
In this case, a methodology for the use of integrated re- 
silient contacts includes burn-in and test of the assembly 

536 by engaging the resilient contacts against pads on 
an appropriate test or burn-in substrate and then spring 
loading the component to the board 576 as heretofore 
described. 

[0123] Another composite semiconductor package 
assembly 601 incorporating the present invention is 
shown in Figure 35 and shows a printed circuit board 

537 with the semiconductor device 566 mounted there- 
on and with a mother printed circuit board 576 of the 
type hereinbefore described with an interposer 602 of 
the type shown in Figure 21 being utilized between the 
printed circuit board 537 and the mother printed circuit 
board 576 with solder 603 being utilized for bonding the 
contact structures 161 of the interposer 602 to the con- 
tact surfaces 586. Similarly, the contact structures 121 
of the interposer 602 are yieldably retained in engage- 
ment with the contact pads 551 and are retained in en- 
gagement therewith by suitable means such as through 
bolts 606 provided with nuts 607 extending through the 
printed circuit board 537 and through the mother circuit 
board 576 and through the interposer 602 to form a com- 
posite assembly in which the compression on the con- 
tact structures 121 is maintained to provide good elec- 
trical contact with the contact pads 551 carried by the 
printed circuit board 537. 

[0124] In place of the bolts 606 it should be appreci- 
ated that other fastening means can be utilized as for 
example spring clips to retain the compression on the 
contact structures 121 and to fasten the printed circuit 
boards together as hereinbefore described. Rather than 
the interposer 602 being formed as an interposer of the 
type shown in Figure 2 1 , an interposer of the type shown 
in Figure 20 can be utilized with removable electrode 
contacts being formed on both sides of the interposer 
and by having the contact structures 121 yieldably en- 
gage the contact pads 551 and having the contact struc- 
tures 201 yieldably engage the surfaces 586. With such 
a construction it can be seen that changes can be readily 
made in a composite semiconductor package assembly 
merely by removing the bolts and replacing certain other 
components as well as the interposer if desired. The in- 
terposer is demountable to facilitate such changes. 
[0125] Another semiconductor package assembly in- 
corporating the present invention is shown in Figure 36. 
The assembly 611 discloses the manner in which pack- 
ing of silicon on cards can be obtained and consists of 
an interconnection substrate 612 formed of a suitable 
insulating material which is provided with first and sec- 
ond surfaces 613 and 614. Such an interconnecting 
substrate can be of the type of the printed circuit boards 
hereinbefore described and for example can contain a 
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plurality of levels of metallization (not shown) as well as 
through-hole conductors or via conductors 616 which 
are in contact with contact pads 617 provided on the sur- 
faces 613 and 614. 

[0126] Senaiconductor devices in the fornn of face- 5 
down mounted chips 621 are provided which are adapt- 
ed to be disposed on opposite sides of the interconnec- 
tion substrate 612. As described in connection with the 
previous semiconductor devices, these devices are pro- 
vided with a plurality of contact pads 622 which have a io 
resilient contact structures 626 of the type hereinbefore 
described mounted thereon and which are turned up- 
side down to make electrical contact to the contact pads 
617 provided on the interconnection substrate 612. The 
space between the flip chips 621 and the interconnec- 15 
tion substrate 612 can be filled with a suitable encapsu- 
lant 631 as shown. 

[0127] All of the electrical connections are provided 
within the various flip chips can be brought out to a plu- 
rality of contacts 636 provided on one edge of the as- 20 
sembly 611 as shown in Figure 36 serve as precursors 
and so that the semiconductor package assembly 611 
can be fitted into conventional sockets for example as 
provided in a desktop computer and the like. With such 
a construction, it can be seen that silicon chips can be 25 
face down mounted on both sides of the interconnection 
substrate 612. 

[0128] Another semiconductor package assembly 

651 incorporating the present invention is shown in Fig- 
ure 37 and shows the manner in which the semtconduc- 30 
tor package assembly 611 shown in Figure 36 can be 
vertically stacked with the device semiconductor pack- 
age assembly 611 being described as a double stacked 
card. As shown in Figure 37 two of these double-sided 
silicon precursors have been mounted vertically with re- 35 
spect to each other with additional contact structures 

652 having interconnections between the two intercon- 
nection substrates 612 of the precursors 611 . The entire 
assembly can be optionally encapsulated with a poly- 
meric orepoxy material for added rigidity and protection, 
[0129] Another semiconductor package assembly 

661 incorporating the present invention is shown in Fig- 
ure 38. It shows an assembly 661 in which a substrate 

662 of the type hereinbefore described can be provided, 

as for example a printed circuit board made of a plastic/ ^5 
laminate or ceramic or silicon with the substrate 662 ly- 
ing in a plane. A plurality of silicon chips or semiconduc- 
tor devices 663 are stacked vertically in spaced-apart 
positions on the substrate 662 and extend in a direction 
generally perpendicular to the plane of the substrate 50 
662. The substrate 662 is provided with a planar surface 
666 which has contact pads 667 connected to circuitry 
in the substrate 662. Similarly, the silicon chips 663 are 
provided with parallel spaced-apart surfaces 668 and 
669 with contacts 671 being exposed through the sur- 55 
face 668. Contact structures 672 of the type hereinbe- 
fore described are provided for making contacts be- 
tween the contacts 671 of the silicon semiconductor de- 



vices 663 and the pads 667 carried by the substrate 662. 
Thus as shown, a contact structure 672 is provided for 
each of the silicon chips 663. The contact structures 672 
can be of a resilient type and are provided with bends 
672a. 

[0130] Additional contact structures 676 have been 
provided of the resilient type and are provided with first 
and second bends 676a and 676b. The bends 676a and 
676b are sized in such a manner so that when a contact 
structure 676 is secured to another pad 678 provided 
on the surface 666 of the substrate 662, they will engage 
opposite surfaces of the silicon chip 663 to resiliently 
support the chip 663 in their vertical positions with re- 
spect to the substrate 662. 

[0131] In connection with the foregoing, it should be 
appreciated that in place of the single contact structure 
676 between each pair of silicon chips, it is possible to 
provide two separate resilient contact structures with 
one facing in one direction and the other in the opposite 
direction to provide the same support as is provided by 
the single resilient contact structure. 
[01 32] From the foregoing it can be seen that the sem- 
iconductor package assembly 661 shown in Figure 38 
lends itself to mass production techniques as for exam- 
ple for stacking memory chips. 

[0133] In connection with the description of the inter- 
connecting contact structures, interposers and semi- 
conductor assemblies and packages, the methods uti- 
lized in fabricating the same have been generally de- 
scribed. The flexible elongate elements, as for example, 
106 serving as the skeletons for the contact structures 
and used as interconnects can be formed utilizing auto- 
mated wire bonding equipment which is designed to en- 
able bonding of wires using ultrasonic, thermal or conn- 
pression energy or a combination thereof utilizing such 
equipment to provide a wire having a continuous feed 
end and then intimately bonding the feed end to a con- 
tact pad or terminal by a combination of thermaconrv 
pression or ultrasonic energy and thereafter forming 
from the bonded free end a pin or stem which protrudes 
from the terminal and has a first stem end. If desired, 
the second stem end can be bonded to the same contact 
pad or terminal or to a different contact pad or terminal. 
The pin or stem can then be severed at the second stem 
end to define a skeleton. Thereafter, a conductive ma- 
terial is deposited on the skeleton to form a shell as here- 
inbefore described and on an immediately adjacent area 
of the contact pad or terminal. This procedure can be 
replicated to provide additional contact structures. 
[0134] These are basic steps in the present method 
for forming the contact structures for making intercon- 
nections as hereinbefore described, which also can be 
characterized as forming protuberant conductive con- 
tacts. These contact structures or protuberant conduc- 
tive contacts can be incorporated into and utilized in 
conjunction with many conventional semiconductor 
processes for fabricating semiconductor wafers. As 
hereinbefore explained, chip passivation utilizing oxide, 
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nitride or polymer dielectric layers can be provided. In 
addition, shorting layers of a suitable nnaterial such as 
an alunnlnum, copper, titanium, tungsten, gold or a com- 
bination thereof can be utilized. Such a shorting layer 
makes it possible to use wire bonding equipment which 5 
uses high voltage discharge forthe severing operations. 
The shorting layer, optionally electrically grounded, pre- 
vents possible damage to the active semiconductor de- 
vice. Typically, such a shorting layer can be provided 
and overcoated with a resist and then the skeletons are io 
mounted on the contact pads, defined by the openings 
in the resist. The skeletons then are overplated with a 
conductive material to form the shell or muscle, after 
which the resist and shorting layer can be removed as 
hereinbefore described. The wafers can then be singu- 15 
lated or diced. Thereafter, the diced chips can be op- 
tionally coated with a protective polymer which extends 
over the region in which the bonds are made to the con- 
tact pad. 

[0135] In connection with such a method, the open- 20 
ings in the resist can be made of a larger size than that 
of the contact pads. Thereafter, metal can be plated up 
through the opening in the resist to provide a larger size 
contact pad or well. The resist and the shorting layercan 
then be removed, except underneath the larger area 25 
contact pad provided. 

[0136] By providing such a larger area for the contact 
pad, there is a greater surface to promote adhesion to 
the contact structures fabricated in accordance with the 
present invention. Such augmented contact pads can 30 
be of any desired shape, such as circular, oval, rectan- 
gular and the tike. The plated-up metal contact pads 
have an additional advantage in that they serve to her- 
metically seal the typically aluminum contact pads from 
the atmosphere. 35 
[0137] Heretofore a method was described in which 
a contact pad was provided for the free end of a contact 
structure on which a sacrificial layer was removed after 
the deposition of the overcoating muscle layer or shell. 
It should be appreciated that If desired the sacrificial 40 
structure can be removed prior to deposition of the over- 
coating or shell and then the overcoating or shell being 
formed thereon with CVD, electroless plating or electro- 
plating with a shorting layer for contact. 
[0138] Also heretofore described was a method for ^5 
the fabrication of a probe-like contact structure with the 
use of a sacrificial member such as aluminum or copper. 
Such a method also can be utilized for the gang transfer 
of a plurality of contacts onto a package prior to placing 
the semiconductor chip in the package. In the event of 50 
the failure of a package, the expense of the semicon- 
ductor chip will be saved with the only resulting loss be- 
ing in the package and the contacts therein. Thus in ac- 
cordance with the present invention, the plurality of con- 
tacts can be formed on a transfer/sacrificial substrate 55 
according to any method heretofore and thereaftergang 
attached to the package after which the transfer sacrifi- 
cial substrate can be removed. The attachment of a plu- 



rality of contacts on a sacrificial substrate carrier can be 
readily accomplished by utilizing a software data file to 
create the required pattern on the transfer substrate 
without the use of special molds. 
[0139] By the use of resilient contact structures car- 
ried by semiconductor devices as hereinbefore dis- 
closed and using the same to make yieldable and dis- 
engageable contacts with contact pads carried by test 
and burn-in substrates, testing and burn-in can be read- 
ily accomplished to ascertain that desired performance 
characteristics have been met and thereafter the same 
semiconductor device can be removed from the test and 
burn-in substrates and without change incorporated into 
permanent packaging as hereinbefore described by 
placing multiple semiconductor devices on a common 
substrate and thereby avoiding the need for first level 
semiconductor packaging. Thus, in accordance with the 
present invention, the active semiconductor device can 
be tested when it is unpackaged and also after it has 
been packaged into permanent package assembly. 
[0140] From the foregoing, it can be seen that there 
has been provided a method for fabricating a contact 
structure for making interconnections with interposers. 
semiconductor assemblies and packages. As hereinbe- 
fore described, the contact structure has great versatility 
and can be utilized in many different applications in the 
semiconductor industry to facilitate mass production of 
semiconductor assemblies and packages. The contact 
structures provide increased reliability and high struc- 
tural integrity making the semiconductor assemblies 
and packages incorporating the same capable of being 
utilized in rather adverse environments. Because of the 
versatility and resiliency of the contact structures made 
by the method of the present invention, it is possible to 
use the same in many different semiconductor assem- 
blies and package configurations with the contacts be- 
ing made at different elevations and with different pitch- 
es. The contact structure can be utilized in many differ- 
ent configurations for the pads permitting the mounting 
of semiconductor chips on SIMM and other cards. The 
contact structures and methods herein disclosed make 
it possible to fabricate card-ready devices with directly 
mounted resilient contacts. The method is suitable for 
mounting contact semiconductor devices either in wafer 
or singulated form. The equipment utilized for perfornrv 
ing the method utilizes micromechanical hardware 
which is simitar to conventional wire bonders already in 
use in the industry. 

Claims 

1. A method for mounting a protuberant conductive 
contact (101) to a conductive terminal (103) on an 
electronic component (102), the method comprising 
the steps of providing a flexible wire having a con- 
tinuous feed end ( 1 07). securing the feed end to the 
terminal, forming from the feed end a stem (106) 
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which protrudes from the terminal and has a first 
stem end (107) thereat, severing the stem at a sec- 
ond stem end (108) and depositing a resilient ma- 
terial (131) over the stem and adjacent surface of 
the terminal, wherein the resilient material is more 
resilient than the stem, the resilient material thereby 
imparting resiliency to the protuberant conductive 
contact, and wherein the step of depositing the re- 
silient material includes depositing a conductive 
coating (116) having at least one layer on the stem 
to form a conductive contact. 

2. The method according to claim 1 further including: 
shaping the stem to extend as a wire stem from the 
surface of the electronic component; and severing 
the wire stem so that it has a free end and a length. 

3. The method according to any of claims 1 to 2 further 
including: shaping the stem with automated equip- 
ment controlled by a control system, according to a 
set of specified parameters. 

4. The method according to any of claims 1 to 3 further 
including the step of securing the feed end includes 
bonding the feed end to a first area of the conductive 
terminal, the resilient material covers at least a base 
portion of the stem; and the resilient material covers 
a second area on the surface of the electronic com- 
ponent, said second area being larger than and en- 
compassing the first area. 

5. The method according to any of claims 1 to 4 where- 
in the resilient material is electrically conductive. 

6. The method according to any of claims 1 to 4 further 
including: depositing a conductive material over at 
least a portion of the resilient material. 

7. The method according to any of claims 1 to 6 further 
including forming a plurality of protuberant conduc- 
tive contacts on the electronic component. 

8. The method according to any of claims 1 to 7, 
wherein the electronic component comprises a 
semiconductor device. 

9. The method according to any of claim 1 to 8 wherein 
the electronic component comprises a ceramic sub- 
strate. 



Patentanspruche 

1. Verfahren zur Anbringung eines vorspringenden 
leitfahigen Kontaktes (101) an einer leitfahtgen An- 
schlussslelle (103) eines elektronischen Bauteils 
(102), wobei dieses Verfahren dadurch gekenn- 
zeichnet ist, dass es die folgenden Schritle um- 



fasst: Anbringen eines flexiblen Drahtes, der einen 
dauerhaften Einspeisepunkt (107) aufweist; Befe- 
stigung dieses Einspeisepunktes an der Anschluss- 
stelle; Ausbildung eines Stabes (106) vom Einspei- 

5 sepunkt aus, wobei dieser Stab von der Anschtuss- 
stelle absteht und dort ein erstes Stabende (107) 
aufweist, welches von einem zweiten Stabende 
(108) getrennt ist; und Aufbringen eines federnden 
Materials (131) auf dem Stab und auf der angren- 

10 zenden Oberflache der Anschlussstelle, wobei die- 
ses federnde Material starker federt als der Stab, 
wodurch das federnde Material dem vorspringen- 
den leitfahigen Kontakt Spannkraft vermittelt und 
wobei der Schritt des Aufbringens des federnden 

15 Materials das Aufbringen eines leitfahigen Uber- 
zugs (116) einschliefit, der auf dem Stab minde- 
stens eine Schicht umfasst, um einen leitfahigen 
Kontakt zu bilden. 

20 2. Verfahren nach Anspruch 1, welches ferner um- 
fasst: Gestaltung des Stabes dergestalt, dass die- 
ser sich als ein Stab aus Draht von der Oberflache 
des elektronischen Bauteils aus erstreckt, und 
Trennen des Drahtstabes, so dass er ein freies En- 

25 de und eine gewisse Lange aufweist. 

3. Verfahren nach einem der Anspruche 1 bis 2, wel- 
ches ferner umfasst: Ausstattung des Stabes mit ei- 
ner von einem Steuersystem gesteuerten automa- 
te tisierten Ausrustung gemafS einem Satz von spezi- 

fischen Parametern. 

4. Verfahren nach einem der Anspruche 1 bis 3, wel- 
ches ferner den Schritt der Befestigung des Ein- 

35 speisepunktes umfasst, der das Verbinden des Ein- 
speisepunktes mit einem ersten Gebiet der leitfahi- 
gen Anschlussstelle enthalt, wobei das federnde 
Material wenigstens einen Basisbereich des Sta- 
bes bedeckt; und das federnde Material bedeckt ein 

^0 zweites Gebiet auf der Oberflache des elektroni- 
schen Bauteils, wobei das besagte zweite Gebiet 
grofier als das erste ist und das erste Gebiet ein- 
schlielit. 

45 5. Verfahren nach einem der Anspruche 1 bis 4, bei 
welchem das federnde Material elektrisch leitend 
ist. 

6. Verfahren nach einem der Anspruche 1 bis 4. wel- 
50 ches ferner umfasst: das Aufbringen eines leitfahi- 
gen Materials auf wenigstens einen Tail des federn- 
den Materials. 

7. Verfahren nach einem der Anspruche 1 bis 6, wel- 
55 ches ferner die Ausbildung einer Anzahl von vor- 
springenden leitfahigen Kontakten auf dem elektro- 
nischen Bauteil umfasst. 
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8. Verfahren nach einem der AnsprOche 1 bis 7, bei 
welchem das elektronische Bauteil einen Halbletter 
umfasst. 

9. Verfahren nach einem der Anspruche 1 bis 8, bei 
welchem das elektronische Bauteil ein keramisches 
Substrat umfasst. 



Revendications 

1. Proced§ de montage d'un contact conducteur pro- 
tuberant (101) surune borne conductrice(103) d'un 
composant electronique (102), le proc6d6 compre- 
nant les 6tapes consistant a fournir un fil souple pr6- 
sentant une extr6mite avanc6e en continu (107), ^ 
fixer I'extremite avanc6e a la borne, ^ former a partir 
de I'extremite avancee une tige (106) qui d6passe 
de la borne et pr6sente une premiere extremite de 
tige (107) sur celle-ct. a couper la tige ^ une secon- 
de extremite de tige (108) et a deposer un materiau 
elastique (131) sur la tige et la surface adjacente 
de la borne, dans lequel le materiau 6lastique est 
plus elastique que la tige, le materiau elastique 
communiquant ainsi une elasticite au contact con- 
ducteur protuberant, et dans lequel I'etape de dep6t 
du materiau elastique comprend le depot d'un re- 
vetement conducteur (116) comportant au moins 
une couche sur la tige pour former un contact con- 
ducteur. 

2. Precede selon la revendication 1. comprenant en 
outre : le formage de la tige pour qu'elle s'etende 
comme une tige de c^blage depuis la surface du 
composant electronique. et la coupure de la tige de 
cablage de manifere 6 ce qu'elte pr^sente une ex- 
tremite libre et une certaine longueur. 

3. Precede selon Tune quelconque des revendications 
1 ^ 2, comprenant en outre : la formation de la tige 
avec un 6quipement aulomatis6 command^ par un 
systeme de commande, conformemenl a un en- 
semble de parametres specifics. 

4. Precede selon I'une quelconque des revendications 
1 a 3, comprenant en outre I'etape consistant a fixer 
I'extremite avanc6e qui inclut la liaison de I'extremi- 
te avancee sur une premiere zone de la borne con- 
ductrice, le materiau elastique recouvre au moins 
une partie de base de la tige ; et le mat6riau Elasti- 
que recouvre une seconde zone sur la surface du 
composant electronique, ladite seconde zone etant 
plus grande que la premiere zone et englobant cel- 
le-ci. 

5. Precede selon Tune quelconque des revendications 
1 a 4, dans lequel le materiau Elastique est electri- 
quement conducteur. 



6. Precede selon I'une quelconque des revendications 
1 a 4, comprenant en outre : le depot d'un materiau 
conducteur sur au moins une partie du materiau 
Elastique. 

5 

7. Precede selon Tune quelconque des revendications 
1 a 6 comprenant en outre la formation d'une plu- 
rality de contacts conducteurs protuberants sur le 
composant electronique. 

10 

8. Procede selon I'une quelconque des revendications 
1 6 7, dans lequel le composant electronique conn- 
prend un dispositif de semiconducteur. 

^5 9. ProcedE selon I'une quelconque des revendications 
1 ^ 8, dans lequel le composant Electronique conv 
prend un substrat de cEramique. 

20 
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